The traits of lipid biocompatibility and versatility have led to many nano-and microparticulate lipid formulations being engineered, over the last two decades, in the form of spheres and capsules, using solid and liquid lipids as the matrices. This review describes the main types of lipid nano-and microparticles, as well as their preparation methods, administration routes, and main fields of application. It will also provide a synthetic overview of the main patents that have been filed. Patenting activity in the lipid nanoparticle field has been ongoing for 25 years and has been driven by the boom in the use of nanotechnology as an innovative tool for disease treatment and potential commercial interest in a fully biocompatible vehicle. Initially, activity was mainly focused on technological aspects, and later focus shifted more to usage and composition. An increasing number of patents are also being filed by Emerging Countries. However, the most important limitation here is the low number of marketed products, which is mainly caused by regulatory restrictions and economic reasons.
Introduction
Lipid nano-and microparticles show many advantages over polymeric nanoparticles and have seen widespread use in the delivery of drugs and actives. They show better biocompatibility than do polymeric nanoparticles as they are made of lipids that are similar to their physiological counterparts [1] .
In particular, lipid nanoparticles are a versatile delivery tool. Besides liposomes and niosomes, which are vesicular nanostructures that are made up of phospholipids and amphipathic lipids, respectively, and have a long and safe history of use, the last two decades have seen many nanoparticulate formulations being engineered using solid and liquid lipids as matrixes. Kinetic stability and rigid morphology are major advantages that lipid nanoparticles have over vesicular lipid colloidal systems (liposomes, niosomes, etc.). Lipid-based nanoparticles overcome the limitations of other widespread pharmaceutical and cosmetic carriers, the emulsions, because they improve the stability and the loading capacity and prevent the drug/active molecule expulsion during storage. However, nanoemulsion systems can be regarded as a template for nanoparticle generation. Analogously, lipid nanoparticles are frequently prepared from microemulsions, which are thermodynamically stable systems [2] . Nanoparticles can be divided into two main families: nanospheres, which have a homogeneous structure across the particle, and nanocapsules, which exhibit a typical core-shell structure. The most important types of lipid nanoparticles are shown in Figure 1. 1.1. SLN. Solid lipid nanoparticles (SLN) are the best-known type of nanospheres. SLN are made up of solid lipids with a photon correlation spectroscopy mean diameter of approximately between 50 and 1000 nm [1] . General ingredients include solid lipid(s), surfactant(s), and water. The term lipid is used here in a broad sense and includes triglycerides (e.g., tristearin), partial glycerides, fatty acids (e.g., stearic acid), steroids (e.g., cholesterol), and waxes (e.g., cetyl palmitate). All classes of surfactants (with respect to charge and molecular weight) have been used to stabilize lipid dispersions [3] . SLN were developed in the early 1990s and have long been considered promising drug carrier systems, as they are physico-chemically stable and can be easily produced on a large industrial scale, while raw material and production costs are relatively low [1] . SLN production is based mainly, but not solely, on solidified nanoemulsion technologies. High-pressure homogenization (HPH), high shear homogenization, and ultrasonication are used in nanoemulsion preparation [4, 5] .
1.2. NLC. Nanostructured lipid carriers (NLC) are lipid nanoparticles that are characterized by a solid lipid core that consists of a mixture of solid and liquid lipid. While the resulting lipid particle matrix shows melting point depression compared to the original solid lipid, the matrix is still solid at body temperature. Different types of NLC are obtained, imperfect, amorphous, and multiple-type, depending on the method of production and lipid blend composition ( Figure 1 ). "In the imperfect type, lipid crystallization is altered by small amounts of oils. In the amorphous type, the lipid matrix is solid, but not crystalline (amorphous state) -this can be achieved by mixing particular lipids, for example hydroxyoctacosanyl hydroxystearate and isopropyl myristate. In the multiple type, the solid lipid matrix contains tiny oil compartments. This type is obtained by mixing a solid lipid with a higher amount of oil. The basic idea is that, by giving a certain nanostructure to the lipid matrix, the active compound payload is increased and the expulsion of entrapped compounds during storage is avoided" [6] . NLC can be produced by HPH, and the process can be modified to yield lipid particle dispersions with solid contents that range from 30 to 80% [7] .
LDC.
Lipid-drug conjugate (LDC) nanoparticles were developed to overcome the low drug loading capacities of SLN and NLC for hydrophilic drugs ( Figure 1 ). "In a typical process, an insoluble drug-lipid conjugate bulk is prepared either via salt formation (e.g., with a fatty acid), or via covalent linking (e.g., esters or ethers). The obtained LDC is then processed to create a nanoparticle formulation, using HPH with the assistance of an aqueous surfactant solution" [6, 8] .
LNC.
Lipid nanocapsules (LNC) are the best-known patented form of lipid core shell nanostructures. They are composed of an external shell, formed of solid lipids and emulsifying agents, and an oily core ( Figure 1 ) [2] . Unlike multiple-type NLC, which are made up of a solid lipid matrix containing numerous oily compartments, into which drugs tend to partition, LNC possess a sole drug-containing oily core, which is surrounded by a thin solid coating (core shell structure).
Moving now to lipid microparticles, the best-known types are solid lipid microparticles (SLM).
1.5. SLM. "SLM have an equivalent composition to SLN, but with a larger particle size (>1000 nm), meaning that their application domains and administration routes may be different" [6, 9] . In fact, despite their considerable potential 
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Lipid Nanoparticle Preparation Methods
(a) Hot Homogenization. HPH has repeatedly proven itself to be a simple solvent-free technique since the 1950s. It is well established for the large-scale production of O/W parenteral emulsions and is available to the pharmaceutical industry. It has recently been used in the production of SLN, NLC, and LDC and is the main method for these nanoparticles. However, it involves some critical process parameters, such as high temperatures and pressures (cavitation forces), that may cause significant thermodynamic and mechanic stress to the resulting product. For this reason, and in order to overcome patented methods, alternative and easy handling preparation methods have seen extensive investigation [4, 6, 23] .
(b) Microemulsion Templates. SLN can be produced from microemulsion templates. Gasco et al. [24] were the first researchers to use a microemulsion template for SLN preparation; "lipids are heated above their melting point and an aqueous phase, containing surfactants and co-surfactants, is added under stirring at the same temperature to form a clear O/W microemulsion" [6] . Multiple W/O/W can be prepared as well. The microemulsion is then diluted in cool water (2-10°C), in order to precipitate the nanoparticles. A few years ago, another microemulsion-based method was developed for the production of stable SLN [25] . The authors started from an O/W microemulsion, which consisted of an emulsifying wax as the lipid phase and a polymeric surfactant solution as the aqueous phase, which was kept at a temperature of 37-55°C, according to the melting point of the emulsifying wax. SLN were obtained by cooling the undiluted O/W microemulsion at room temperature while stirring. "An advantage of this invention is that SLN can be rapidly, reproducibly and cost effectively formulated at mild operating temperatures from the microemulsion precursor in a one-step process and contained in a single manufacturing vessel, vial or container" [6] .
(c) Solvent-Based Methods. Solvent-based methods have been proposed as a means to encapsulate molecules that present stability and bioavailability issues in various types of lipid nanoparticles, regardless of the limiting aspects of solvent toxicology issues. "One of the main advantages of solvent-based methods is mild operating temperature, which can be useful for the encapsulation of thermosensitive drugs" [6] . Solvent displacement is the simplest of these methods. It is based on dissolving the lipid in a water-miscible organic solvent (e.g., ethanol, acetone, and isopropanol) and injecting this solution into water, using a syringe needle, under stirring. Alternative solvent-based methods start with an emulsion precursor; O/W or W/O/W emulsions can be prepared using either a volatile or partially water-miscible organic solvent, which dissolves the lipid. Nanoparticles are formed when the solvent is removed either by evaporation (solvent evaporation method) or by water dilution (solvent diffusion method) [4, 22, 23] .
(d) Coacervation Method. A new solvent-free method (named coacervation) for the preparation of fatty acid SLN has recently been developed. This technique allows, even thermosensitive, drugs to be incorporated without using very complex equipment or dangerous solvents. It is therefore a cheap method for laboratory and industrial applications [26] . "It is based on the slow interaction that occurs between a micellar solution of a fatty acid sodium salt and an acid solution (coacervating solution) in the presence of a proper amphiphilic polymeric stabilizing agent" [6] . Fatty acid nanoparticles can be precipitated by lowering the pH.
(e) Supercritical Fluid Technology. Supercritical fluid (SCF) technology has attracted increasing levels of interest, in recent years, for the benefits that it provides as a nanoparticle production method. The SCF condition is obtained above a substance's critical pressure and temperature, wherein its solubility in the fluid can be modulated by relatively small changes in pressure. Carbon dioxide is the most widely used 3 Journal of Nanomaterials SCF due to its low critical point, of 31°C and 74 bar, its safety and low cost. Two main SCF-based methods have been developed for SLN production: the SCF extraction of emulsions (SFEE) and gas-assisted melting atomization (GAMA).
In SFEE, lipid nanosuspensions are obtained through the SCF extraction of the organic solvent from O/W emulsions [27] . Solvent extraction into supercritical CO 2 leads to the precipitation of lipid/drug material, which is dissolved as composite particles. One of the advantages of this technique is the high solvent extraction efficiency of supercritical CO 2 , compared to conventional methods, which allows the solvent to be quickly and completely removed and a more uniform particle size distribution to be achieved (Figure 2 ).
In the GAMA method, "lipids are melted in a thermostated mixing chamber (CM), where they are melted and kept in contact with supercritical CO 2 " [6] . Then, a valve is opened at the bottom of the CM, where the lipid-saturated mixture is forced through a nozzle. The rapid depressurization of the mixture creates a high degree of supersaturation and leads to the precipitation microparticles, which are gathered by a collection system and dispersed in water via vortexing and ultrasound treatment to give the nanosuspensions ( Figure 3 ) [28] . This method is solvent-free, making it advantageous for industrial processes.
(f) Microwave Assistance. Microwaves can assist in forming the microemulsion template used for nanoparticle preparation [31] and in the direct production of nanoparticles [32] . In this second case, using a microwave reactor is simple, quick, cheap, and sustainable. This technology facilitates the one-pot production of the particles, in one or two steps and in a closed system. Furthermore, it does not use organic solvents or large volumes of water.
(g) Dual Asymmetric Centrifuge. Lipid nanoparticles can be prepared in a dual asymmetric centrifuge (DAC) [33] . DAC differs from conventional centrifugation as the sample is also rotated around its own vertical axis. While conventional centrifugation constantly pushes the sample material outwards, this additional rotation constantly forces the sample material towards the centre of the centrifuge. This unique combination of two contra-rotating movements results in shear forces and, thus, in efficient homogenization.
(h) Membrane Contactor. Another method for producing SLN, one which makes use of a membrane contactor, has been developed [34] . A functioning module has been produced. It includes a ceramic membrane (0.1, 0.2, or 0.45 μm pore size) "that separates the aqueous phase, which is allowed to circulate tangentially to the membrane surface, and the lipid phase" [6] . The lipid phase is melted in a pressurized vessel and forced through a tube towards the membrane pores placed in the module, leading to small droplet formation, which are detached from membrane pores by tangential water flow. SLN are formed after the obtained water dispersion is cooled (Figure 4 ). The proposed method permits the continuous preparation of large volumes and is therefore claimed to be highly suitable for industrial scale-up.
(i) Phase Inversion Temperature. The phase inversion temperature (PIT) method is usually employed for the preparation of nanoemulsions. The PIT concept exploits the specific ability of some polyethoxylated surfactants to change their affinities for water and oil as a function of temperature. "The use of such a surfactant type leads to an emulsion inversion from an O/W macroemulsion to a W/O emulsion when the temperature is increased above the PIT" [6] . An O/W nanoemulsion is then formed when the temperature decreases below the PIT. The PIT method has been employed for LNC preparation, too, with an internal liquid or semi-liquid oil core and an external lipid layer that is solid at room temperature [2] . It has recently been adapted for SLN preparation, too. The aqueous phase, containing NaCl, and the oil phase, made up of solid lipids and nonionic surfactants, are separately heated at~90°C (above the PIT). "The aqueous phase is then added dropwise, at constant temperature and under agitation, to the oil phase, in order to obtain a W/O emulsion. The mixture is then cooled to room temperature under slow and continuous stirring. The turbid mixture becomes clear at the PIT, and, below the PIT, an Journal of Nanomaterials O/W nanoemulsion is formed, which turns into SLN below the lipid melting point" [6, 36] .
Lipid Microparticle Preparation
Methods. SLM can be obtained in suspension or in a solid powdered state, depending on the technique used [37] .
(a) Melt Dispersion. The melt dispersion technique is employed for SLM formulation. SLM can be obtained from either O/W or multiple W/O/W emulsions, depending on the chemical nature of the drug. In the case of the O/W precursor, the lipophilic drug is dissolved into the melted lipids, which are emulsified with a hot surfactant solution in water using a high shear mixer. Lipid microparticles are then solidified by cooling at room temperature [38] . In the case of the W/O/W precursor, a primary W/O emulsion is formed by dissolving the drug in the water phase; this is then placed into contact with an external aqueous phase at the same temperature. The resulting W/O/W multiple emulsion is then cooled to room temperature to obtain the microparticles [39] .
(b) Cryogenic Micronization. "In cryogenic micronization, lipid matrices that are either obtained via melt dispersion (the drug is mixed with a melted lipid) or solvent stripping (drug and lipid are dissolved into a solvent mixture under stirring)" [6] , stored at −80°C, and then micronized in a customized apparatus under the effect of liquid nitrogen. This technique can only be used for the production of microparticles of 5-5000 μm in diameter [40] .
(c) Spray-Drying. The spray-drying of lipid particles is performed using an organic solvent solution as the feed. This solution is evaporated to a dried particulate form in a one-step process [41] .
(d) Electrospray. The electrostatic atomizer in the electrospray technique includes a nozzle that is connected to a high-voltage power supply and supplied with the liquid to be atomized. The lipid solution, which is in an organic solvent, is contained in a syringe, and a metal capillary is connected to a high-voltage power supply and functions as an electrode. A metal foil collector is placed opposite the capillary and functions as a counter electrode. Solid lipid particles can be formed by evaporating the solvent from the droplets that are produced by the electrical field [42] .
(e) Spray-Congealing. "In the spray-congealing method, lipids are heated to a temperature above their melting point" 5 Journal of Nanomaterials [6] . Hot lipids are atomized through a pneumatic nozzle into a vessel, which is held in a carbon dioxide ice bath. The microparticles that are obtained (50-500 μm) are then dried under vacuum at room temperature [43] .
Patent
Overview. An overview of the most important technological patents that concern the abovementioned preparation methods, both for lipid nano-and microparticles, is shown in Table 2 .
Administration Routes
Dermal administration is an area of great potential for lipid nano-and microparticles, and its short time-to-market makes it especially promising for use in cosmetic formulations. The distinct advantages of the cutaneous drug delivery of lipid particles are the ability to protect chemically labile ingredients against chemical decomposition, the ability to modulate drug release, and the ability to form adhesive lipid films on the skin, providing a possible occlusive effect [64] .
Their particle size and therapeutic objectives mean that lipid nano-and microparticles can be used for all parenteral applications: from intra-articular to intramuscular, subcutaneous, and intravenous administration [65] . Because of their small size, lipid nanoparticles can be injected intravenously and used to target drugs to specific organs. However, they are cleared from circulation by the liver and spleen, as is the case with all intravenously injected colloidal particulates. "Stealth" lipid nanoparticles that are able to avoid the reticuloendothelial system (RES) can be obtained by coating their surface with polyethylene glycol (PEG).
Lipid nano-and microparticles can be orally administered in the form of aqueous dispersions or, alternatively, after transformation into a solid dosage form, such as tablets, pellets, capsules, or powders in cachets. Aqueous particulate dispersions can be used as a granulation fluid for the production of tablets. Alternatively, they can be transformed into a powder (e.g., by spray-drying or freeze-drying) and added to a tableting powder mixture or used to fill hard gelatin capsules. Lower production costs mean that spray-drying may be the preferred method for transferring lipid particulate dispersions into powders [1] . If administered via the oral route, lipid nano-and microparticles can help drug solubilization in the gastrointestinal tract (GIT). In fact, they can retain a poorly soluble substance in a solubilized state and enhance solute-solvent interactions, especially after being mixed with endogenous solubilizers, such as bile acids or phospholipids. Moreover, their protective effect, coupled with their sustained and/or controlled release properties, prevents drugs (macromolecules in particular) from undergoing premature degradation and improves their stability in the GIT [66] . Furthermore, nanosized particles can be taken up by the M cells of Peyer's patches, which in turn enables the carrier system to bypass first-pass effect metabolism and undergo lymphatic absorption. The reduction of side effects (i.e., the stomach toxicity of nonsteroidal anti-inflammatory drugs (NSAID)) and taste masking are also two relevant goals for the oral administration of lipid particles [67] .
The pulmonary application of lipid microparticles is also promising as they show good aerosolization properties and excellent stability when nebulized as a liquid formulation. SLM that are obtained in the solid form (i.e., by spray-drying) are suitable for this application method thanks to their aerodynamic size. Proper lipid particle design should avoid them being deposited in the bronchial regions. In fact, whereas rapid bronchial clearance may lead to drug concentrations below therapeutic levels, the retention of lipid particles in the lungs contributes to prolonged drug release. Higher drug bioavailability and longer therapeutic effects can thus be achieved, resulting in reduced dosage and prolonged dosing intervals. Lipid particles may therefore be able to offer a broad range of benefits in the local treatment of severe airway diseases, as well as for systemic drug delivery. In addition, the pulmonary administration of lipid matrices has been demonstrated to present low toxicological potential in several studies. However, no investigations into the long-term effects of repeated pulmonary administration have been performed [68] .
Lipid nanoparticles can improve the therapeutic efficiency, compliance, and safety of ocular drugs, administered via several different routes, to both the anterior and posterior segments of the eye. They are suitable for topical administration because of their ability to increase corneal residence time and thus overcome corneal barriers. Moreover, despite 6 Journal of Nanomaterials effective drug delivery to the posterior segment of the eye being challenging and alternative routes of administration (periocular and intravitreal) generally being required, lipid nanoparticle formulations that are optimized for the retina should aim at controlling drug release and reducing administration frequency [69] .
3.1. Patent Overview. Several usage patents on specific administration routes for lipid particles have been filed: a summary is shown in Table 3 .
Therapeutic and/or Technological Aims
Lipid nano-and microparticles have been proposed for drug and active delivery with several therapeutic and/or technological aims [4, 118, 119] ; the most relevant are described below.
4.1. Cancer Therapy. The rationale of using lipid nanoparticles for anticancer drug delivery is based on a number of physiological mechanisms. A tumor is often associated with defective, leaky vascularization that results from poorly regulated angiogenesis. Submicron-sized particulate matter may thus preferentially extravasate into the tumor and be retained there, because of the so-called enhanced permeability and retention (EPR) effect. EPR-effect-based passive tumor targeting can be achieved using properly designed lipid nanoparticles, which can avoid opsonization by the complement and consequent elimination by the RES. "Long-circulating" lipid nanoparticles are designed to have reduced particle sizes and hydrophilic surfaces (they are coated with hydrophilic polymers) for this very reason [120] . Moreover, surface-engineered lipid nanoparticles can be used for active targeting to increase cancer cell-selective cytotoxicity. This can be done by exploiting differences in the surface antigens and receptors of cancer and healthy cells [96] . Finally, multidrug resistance (MDR) is an important limitation of anticancer drug therapy. MDR is mainly associated with P-glycoprotein (P-gp), which acts as an efflux pump from the cell for many drugs (anticancer agents, antibiotics, etc.). Lipid nanoparticles can help to overcome the MDR phenomenon, probably because they carry encapsulated drugs into cancer cells via endocytosis, thereby bypassing the P-gp drug efflux mechanism [120] .
4.2.
Overcoming the Blood-Brain Barrier. Lipid nanoparticles have frequently been proposed as vehicles that can overcome the blood-brain barrier (BBB). The BBB acts as a physical barrier and regulates the passage of selected molecules between the bloodstream and the brain. In particular, the tight junctions between the endothelial cells mean that the passive diffusion of solutes through the paracellular pathway is very limited. Lipid nanoparticles can be useful in the brain uptake process at various levels, as they can (i) stabilize drugs against chemical degradation in biological fluids, (ii) increase permanence in the bloodstream and CN201610005904 NLC NLC -intraocular lens system, which is loaded with anti-inflammatory drugs and antibiotics, in order to prevent or treat cataract surgery complications [117] 9 Journal of Nanomaterials alternatives to the administration of these biomacromolecules that mainly, but not exclusively, make use of the oral route. However, buccal, nasal, pulmonary, and transdermal administration routes have also been investigated [98] . Lipid nano-and microparticles may be useful in peptide and protein delivery due to the stabilizing and absorption promoting effect of lipids. Moreover, particulate carriers have been sought as vehicles for protein antigens for some time. Extensive work has been carried out in the area of vaccine formulation using lipid particles, since most peptide or protein antigens are ineffective for mucosal immunization due to proteolytic degradation at mucosal sites [123] .
4.5. Antioxidant and Vitamin Delivery. Lipid nano-and microparticles have great potential for efficiently protecting antioxidants and vitamins against degradation (they are often light-and oxygen-sensitive). Furthermore, they can improve skin penetration. The use of lipid particles as dermal delivery systems may therefore be regarded as a convenient strategy with which to enhance the topical effectiveness of antioxidants. Some skin care products that contain antioxidant-loaded lipid nanoparticles have already been marketed [124] . Furthermore, antioxidants are frequently characterized by low bioavailability following oral administration. Their entrapment within lipid nanoparticles can help to increase intestinal uptake and thus improve their pharmacokinetics [125] .
4.6. Diagnostics Delivery. Important preclinical studies have recently been carried out in the diagnostic field using lipid nanoparticles that are set up for positive contrast magnetic resonance imaging (MRI). These systems include MnCl 2 , gadolinium(III) diethylenetriaminepentaacetic acid (Gd-DTPA), and the manganese(II) equivalent (Mn-DTPA). Near infrared (NiR) dyes have also been conjugated to lipid nanoparticles, such as Alexa Fluor™ 488. However, a new concept is currently gaining attention in cancer therapy: the conjugation of therapeutic agents and diagnostic tools in the same multimodal theranostic nanoparticle [126] . Table 4 provides a summary of the most important patents that concern the usage and composition of lipid nano-and microparticles that are dedicated to specific therapeutic or technological aims.
Patent Overview.
Market Concerns
The last few decades have seen a gradual and significant increase in the number of registered patents that concern lipid nano-and microparticles. On the other hand, it is worth noting that most formulations that have been marketed belong to the cosmetic field. Only three lipid-nanoparticle-based oral formulations are currently marketed, but one of them is licensed as a "nutraceutical" product (Table 5 ). However, while it can be estimated that more than 500 cosmetic products that contain NLC are present worldwide, they are hard to count as NLC are often not listed as NLC products on the International Nomenclature of Cosmetic Ingredients (INCI) list [182] .
The efforts of researchers from all around the world are increasing, as demonstrated by the amount of research published in recent years. This increase is due to the potential industrial applications of lipid nano-and microparticles and the fact that they can boast of solvent-free and easily scaled-up preparation methods, the use of biocompatible materials, etc. These data highlight a general trend in the patenting activity of lipid particles; in the 1990s, the scientific community, especially in Europe, showed increased interest in innovative preparation techniques for lipid nanoparticles, while, from the beginning of the new millennium, patenting activity shifted mainly towards drug delivery applications, and researchers from Emerging Countries became progressively more involved. Some small and medium industries (SMEs) and spin-off companies that dedicate their core business to lipid nanoparticles have also arisen: Italian Nanovector Srl, Russian Nanosystem Ltd., German PharmaSol GmbH, Spanish Lipotec SA, Indian Transgene Biotek Ltd., and Korean AmorePacific Corp are some examples [189, 190] . In fact, SMEs can be seen to be the main driving force for innovation in this field, even more so than large companies [182] .
However, there is a large gap between the number of literature articles and patents despite the increasing interest in lipid carriers [189, 190] . Furthermore, an evaluation of the status of existing patents reveals that only a few have reached the granted status, while the remainder are still classified as applications. This is even more evident when we compare filed patents and marketed products.
There are a number of reasons why many patented works in this area remain at an initial stage and are not translated into industrial products; regulatory concerns can play a key role. Thus, despite the huge amount of research carried out on the use of lipid nanoparticles for dermal administration [191] , regulatory aspects mean that all marketed products for dermal administration are licensed as cosmetics (Table 5 ); in fact, cosmetic products are easier to process in terms of time and economic investment as they do not require clinical evaluation.
In fact, the exponential development of nanotechnology in recent years has raised not only high hopes but also a number of safety, ethical, and, consequently, regulatory questions that can significantly hamper the marketing process [192] . From a regulatory point of view, lipid nanoparticles undergo the general regulatory concerns of nanomaterials.
Harmonizing the definition of nanomaterials, as used by researchers, producers, and regulators, is a stringent necessity. According to the European Commission Recommendation on the definition of a nanomaterial (2011/696/EU), 100 nm is the demarcating upper limit as it refers to the size around which the properties of materials can change significantly from conventional equivalents. Lipid nanoparticle sizes tend to exceed 100 nm, but particles that are greater than 100 nm, in the submicron size range, can still offer "nano-related properties" due to higher superficial energy, despite having a lower capacity to penetrate through membranes and skin [193] .
Classification may depend on scientific discipline and on the impact of nanomaterials on the human organism, 10 Journal of Nanomaterials [147] IN3451/DEL/2012 SLN Carbidopa Bionanoparticles and SLN to target the brain via administration through the ear cavity [148] 11 Journal of Nanomaterials Journal of Nanomaterials but also on environmental exposure. In particular, European Regulation on cosmetic products (CE n.1223/2009) associate the concept of nanomaterial insolubility and persistence to dimensional limits (100 nm) [194] , whereas the efficacy and/or safety assessment of nanomaterials in medicinal products is still based on case-by-case evaluation because of the complexity of these systems. The European Medicines Agency (EMA) issued a reflection paper on nanotechnology-based medicinal products for human use, in 2006, which also included an official definition of nanomedicine, as being up to a size of ca. 100 nm [195] . However, nanotechnology-based products that have been investigated for pharmaceutical applications have broader size ranges than the proposed definition, inducing the EMA to also include all "structures" with sizes of less than 1000 nm that are designed to have specific properties [196] and can improve site-specific drug delivery and significantly alter toxicological profiles. Regulatory agencies therefore require manufacturers to perform accurate preauthorization studies to assess the quality, safety, and efficacy profiles of a new drug product [197, 198] . Thus, despite the scientific community and private pharmaceutical companies making considerable effort to develop new nanoscale drug products, the approval rate for novel nanomedicine products has not exceeded 10%, mainly because of safety and efficacy profile failures during preclinical and clinical studies [199] . Other nanosystems, such as lipid nanoparticles, therefore become increasingly interesting as they offer different advantages: undoubted matrix biocompatibility, solvent-free preparation methods, and, in some cases, no need for high temperatures. In particular, the presence of solvents may represent a shortcoming for an Journal of Nanomaterials industrial process, as solvents can affect the stability of active compounds, their removal may be expensive, and they may induce toxicological (residues) and environmental problems. There is a certain typical time frame between the invention of a system and its introduction to the market. 
Conclusions
Research into lipid nano-and microparticles has been performed for nearly 25 years. Patenting activity has grown, and, at the same time, the use of nanotechnology as an innovative tool to treat diseases has boomed, while potential commercial interest in biocompatible materials and solvent-free preparation techniques has increased as well. In fact, microemulsion templates were the first technique 15 Journal of Nanomaterials that was patented, by Gasco et al. in 1993 , for lipid nanoparticle preparation. Since then, an increasing number of patents were filed, up to 2010. Great importance should be given to the patents filed by Müller and Lucks in 1996. They are a milestone in lipid nanoparticle research as they adapted HPH, which is a well-established industrial technique that is currently employed for nanoemulsion preparation, for use in SLN, NLC, and LDC production. Since then, several technological patents on alternative preparation techniques have been filed to overcome the limitations of existing methods.
Furthermore, an increasing number of composition and usage patents have been filed, especially since 2000. This can probably be correlated to the discovery of new practical pharmacological and technological fields in which lipid nanoparticle technologies can be successfully used. In fact, a significant number of dermal drug delivery patents have been filed that demonstrate a range of advantages offered by these delivery systems, including chemical stabilization and the increased skin penetration/permeation of drugs. This latter aspect is mainly due to the lipid occlusion effect on skin. However, a significant number of oral drug delivery patents are currently being filed. This is probably because the oral route is the most widespread and acceptable for therapy, and Biopharmaceutics Classification System (BCS) class IV drugs suffer from several bioavailability issues. Moreover, some drug delivery challenges can be considered opportunities for lipid nanoparticles. Firstly, lipid nanoparticles are seen to be an interesting means of overcoming the BBB because of their lipid composition and ease of functionalization. Secondly, a number of mechanisms that are linked to lipid nanoparticle use can benefit cancer therapy. Some of the most intriguing approaches in these fields have been the subject of patents. Finally, a considerable number of patents have focused on macromolecule delivery; nucleic acids and proteins are the future of pharmacological therapy, and both present comparable issues with stability, poor bioavailability, and high molecular weight, which hamper their use in current therapies and can also be a technological drawback for lipid nano-and microparticle loading.
Most marketed lipid nano-and microparticle-based products are currently licensed as cosmetics, while the development of pharmaceutical drug delivery systems, especially for oral and parenteral use, is still mostly, with some exceptions, at the clinical or even preclinical stage. The main obstacle to reaching the market in the pharmacological field seems to be the regulatory aspect: expensive clinical studies are required, and these costs should be justified by significant clinical results and advantages over commercial formulations and high reproducibility, as well as the total safety of all the materials and formulations employed. Although Europe and USA are the leading countries in terms of patent applications, it is worth noting that there has been an increase in the patenting activity of Emerging Countries in recent years.
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